Objective: To clarify the influences of age on dietary intakes and plasma concentrations of fatty acids (FAs) in Japanese female dietitians. Subjects and methods: In autumn 1996, we estimated dietary FA intakes based on 7 day weighed diet records and analyzed plasma FA concentrations in 79 healthy Japanese female dietitians, and investigated their relationships with age, dividing into three age groups (young (32 -42 y), middle-aged (43 -50 y) and elderly (51 -66 y)). Results: Dietary intakes of total FA, saturated FAs, monounsaturated FAs, n-3 polyunsaturated FAs (PUFAs) and a-linolenic acid (18:3n-3) were significantly highest in the middle-aged group, and lowest in the elderly. Similar trends were observed for dietary intakes of n-6 PUFAs and linoleic acid (18:2n-6), but there were no differences with regard to eicosapentaenoic acid (EPA; 20:5n-3), docosahexaenoic acid (DHA; 22:6n-3) and n-3 highly unsaturated FAs (HUFAs ¼ EPA þ 22:5n-3 þ DHA). On the other hand, plasma concentrations of all FAs except for arachidonic acid (20:4n-6) demonstrated positive correlations with age. Moreover, plasma concentrations of EPA in all age groups, DHA in the elderly and n-3 HUFAs in the middle-aged and the elderly were all positively correlated with dietary intakes. Conclusions: We should take into account the influence of age on dietary habit and lipid metabolism when interpreting associations between dietary FA intakes and plasma FA concentrations.
Introduction
The Japanese lifestyle has been rapidly Westernized during the last half-century. The remarkable changes that have occurred may be associated with increases in many lifestyle-related diseases, such as coronary heart diseases (CHD), diabetes mellitus, hyperlipidemia, allergy and fatrelated cancers (FRCs), ie colorectal, breast and prostate cancers (Waterhouse et al, 1982; Tominaga & Kato, 1992; Broder, 1993) . Excessive and=or unbalanced fat (including oil) intake may play an important role in the pathogenesis, as seen in the elevated incidence of CHD and FRCs in Japanese migrants to Hawaii and Los Angeles (McGee et al, 1985; Iso et al, 1989; Egusa et al, 1993; Marchand, 1999) . In contrast, intake of fish rich in eicosapentaenoic acid (EPA; 20:5n-3) and docosahexaenoic acid (DHA; 22:6n-3) demonstrates an inverse relation with the onset of CHD, and may be preventive for some lifestyle-related diseases (Dolecek, 1992; de Deckere, 1999; Marckman & Grønbaek, 1999) .
Amounts and patterns of consumption of foods, including fat and fatty acids (FAs) , are influenced by changes in appetite, taste and energy expenditure with age (Rolls, 1993) . Although serum total cholesterol (TC) and triglycerides (TG) have been reported to increase with age, effects of diets on their relations are still uncertain. Some polyunsaturated FAs (PUFAs) in blood, which are not biosynthesized in humans, are useful in assessing dietary intakes of PUFAs in the short-to-medium time span, while those in adipose tissue may be applicable for assessing the long-term consumption (Hunter, 1990; Lands, 1995) . The questions now are what kind, how much, and for whom should dietary FA intakes be prescribed for optimal health.
Since dietitians are professionals with regard to foods and nutrients, their results with dietary surveys may be more reliable than those for the general population. We have developed a semi-quantitative food frequency questionnaire (Tokudome et al, 1998) and examined its validity against four-season consecutive 7 day weighed diet records (WDRs; Tokudome et al, 2001) , as a part of the Japanese Dietitians' Epidemiologic (JADE) Study, which aims to assess the relation between diet and diseases=health.
In the present investigation, relationships between dietary FA intakes and plasma FA concentrations were assessed with reference to age. If age-related changes exist, they may be of public health and clinical importance.
Subjects and methods

Subjects
One-hundred and six (21 men and 85 women) dietitians residing in Japan participated in four-season consecutive 7 day WDRs surveys during 1996 -1997, as described elsewhere (Tokudome et al, 2001 ). All subjects gave their written informed consent to participate in this study, and returned 7 day WDRs and a lifestyle questionnaire, which included a thorough coverage of medical history. Because of their limited numbers, men were excluded from the present study. Seventy-nine women were enrolled according to the following criteria: (1) no chronic nephritis, cirrhosis of liver, diabetes mellitus, endocrine diseases, hyperlipidemia or hypertension; (2) no medications influencing fat metabolism. Body mass index (BMI; kg=m 2 ) was calculated from measured height (m) and weight (kg).
The self-administrated questionnaire covered parameters including drinking habits, habitual exercise, smoking and consumption of vitamins, supplements and drugs. From the responses to 'Do you have a drinking habit?' (current drinker=ex-drinker=never drinker), 'Do you engage in habitual exercise in leisure time?' (yes=no), and 'Do you have a smoking habit?' (current smoker=ex-smoker=never smoker), numbers of habitual drinkers (excluding one ex-drinker) and exercisers were assigned. Since there were only four current smokers and three ex-smokers, smoking habit was not taken into account for statistical analysis. As it is known that concentrations of FAs in vitamins are very low, they were not taken into consideration. None of the subjects were taking fish oil supplements.
Classification was into three age groups: young (n ¼ 27, 32 -42 y); middle-aged (n ¼ 24, 43 -50 y) and elderly (n ¼ 28, 51 -66 y). Detailed data for the subjects are given in Table 1 .
Dietary assessment
Information on dietary intake was obtained from 7 day WDRs, in autumn 1996. The daily intakes of nutrients were computed by multiplying the food intake and the nutrient content listed in the Standard Tables of Food Composition, Version 4 and the Follow-up of the Tables (Resources Council, Science and Technology Agency, Japan, 1983, 1994) . We have established a standardized guideline for manual and computer-assisted data checking, coding, data processing and preparing standard recipes . For dietary total FA, the sum of the following 13 FAs was employed: 14:0; 16:0; 16:1; 18:0; 18:1; 18:2n-6 (linoleic acid; LA); g-18:3n-6; a-18:3n-3 (a-linolenic acid; ALA); 20:3n-6; 20:4n-6 (arachidonic acid; AA); EPA; 22:5n-3 and DHA. Average daily FA intakes (mg=day, energy percentage and composition (wt%) by weight percentage of total FA intake) were calculated for total FA, saturated FAs (SFAs ¼ 14:0 þ 16:0 þ 18:0), monounsaturated FAs (MUFAs ¼ 16:1 þ 18:1), n-6 PUFAs ( ¼ LA þ g-18:3n-6 þ 20:3n-6 þ AA), n-3 PUFAs ( ¼ ALA þ EPA þ 22:5n-3 þ DHA) and n-3 highly unsaturated FAs (HUFAs ¼ EPA þ 22:5n-3 þ DHA, not including ALA). The selected 13 FAs accounted for 72.6 AE 6.2% of total fat, with no significant variation by age group. We evaluated dietary ratios of individual FAs vs n-3 HUFAs as indices of bioavailability of n-3 HUFAs in vivo.
Analysis of serum lipids and plasma FAs
Overnight fasted venous blood was collected on the last day of 7 day WDRs in autumn 1996, and serum TG, TC and HDLcholesterol (HDLC) were determined with an autoanalyzer (Hitachi-7450) and commercial kits. Simultaneously, plasma prepared in tubes with EDTA-2Na was stored at 7 80 C until analysis of FAs. Briefly, lipids in 0.1 ml of plasma were extracted with Folch's solution under a nitrogen atmosphere (Folch et al, 1957 ). An antioxidant, butylated hydroxytoluene, was added to the extraction medium at 5 mg=100 ml. After methyl-esterification by 10% methanol-hydrochloride catalysis, FAs were measured using a gas chromatography (Shimadzu GC-17A, Kyoto, Japan) equipped with a DB-225 capillary column (J&W Scientific, Folsom, CA, USA) and a flame ionization detector. The 13 FAs were determined using heptadecanoic acid as an internal standard (Nagaya et al, 1994) . In plasma, each FA level was expressed as an absolute Dietary intakes and plasma concentrations of fatty acids according to age K Kuriki et al concentration (mg=dl) and the composition (wt%) by weight percentage of total FA concentration.
For the precision of FA measurements in plasma, coefficients of variation within the series were 4.8% for LA, 2.5% for AA, 3.9% for ALA, 2.6% for EPA, 3.6% for DHA, 3.1% for total FA, 1.8% for SFAs, 4.3% for MUFAs, 4.3% for n-6 PUFAs, 2.6% for n-3 PUFAs and 2.6% for n-3 HUFAs. Coefficients of day to day variation ranged from 2.5 to 7.2%.
Statistical methods
The data are given as means AE standard deviations (s.d.). The various indices among the age groups were compared using one-way analysis of variance (ANOVA), followed by Scheffe's post hoc probability test. When ANOVA found significant differences among the means, Spearman's rank correlation coefficients between age and dietary FA intakes or plasma FA levels were calculated. The chi-square or Fisher's exact tests for dichotomous variables, habitual drinking and exercise, were performed. All tests were two-sided and a P-value of 0.05 or less was regarded as significant. PC-SAS version 6.12 (SAS Institute Inc., Cary, NC, USA) was used for the statistical analysis. Table 1 summarizes data on age, BMI, habitual drinking and exercise, dietary intakes and serum lipids. BMI had a positive relation with age (r ¼ 0.273, P < 0.05), with significantly higher values in both the middle-aged and the elderly than in the young group (P < 0.05 for both). There were no differences for habitual drinking and exercise by age group according to the chi-square or Fisher's exact tests. For amount and energy percentage of dietary fat intake, total fat (g=day) had a negative relation with age (r ¼ 7 0.228, P < 0.05), being lower in the elderly than in the middle-aged group (P < 0.01). The same was the case for total fat (energy percentage; (r ¼ 7 0.295, P < 0.01)), being lower in the elderly than in both the young and the middle-aged groups (P < 0.01 for both). There were no differences among age groups in other variables, including total energy intake. On the other hand, serum TC and TG demonstrated positive relations with age (r ¼ 0.392 and 0.498, P < 0.001 for both), while serum HDLC was lower in the middle-aged than in the young group (P < 0.05). Table 2 summarizes data on dietary intakes (mg=day energy percentage, composition (wt%) and ratio) for individual FAs. Although dietary intakes (mg=day) of total FA, When individual variable had statistically significant on one-way ANOVA, partial Spearman's rank correlation coefficients adjusted for BMI between age and those variables were calculated. *P < 0.05; **P < 0.01; ***P < 0.001; NS, not significant.
Results
Dietary intakes and plasma concentrations of fatty acids according to age K Kuriki et al SFAs, MUFAs, n-3 PUFAs and ALA exhibited significant differences among the age groups (P < 0.05 by ANOVA for all), partial Spearman's rank correlations with age were lacking. FA intakes were lower in the elderly than in the middleaged group (P < 0.05 for all), and dietary intakes (mg=day) of n-6 PUFAs and LA also demonstrated a similar trend. Dietary intakes (composition (wt%) and ratio) of all selected FAs exhibited no differences among the age groups. The same was the case for dietary intakes (energy percentage) except for MUFAs. Table 3 shows data on plasma levels (mg=dl, composition (wt%) and ratio) of individual FAs. In contrast to dietary FA intakes, plasma concentrations (mg=dl) of all selected FAs except for AA had positive relations with age (r ¼ 0.386 to 0.490, P < 0.001 for all). Ratios of n-6 PUFAs vs n-3 HUFAs and n-3 PUFAs demonstrated negative links with age (r ¼ 7 0.247 and 7 0.280, P < 0.05 for both). Plasma concentrations of total FA, SFAs, n-3 PUFAs, LA and ALA were higher in both the middle-aged and the elderly than in the young group (P < 0.05 for all). Also, plasma concentrations One-way ANOVA; *P < 0.05; NS, not significant.
A
Significantly different between the young and the elderly groups, P < 0.05 (Scheffe's test). C Significantly different between the middle-aged and the elderly groups, over all P < 0.05 (Scheffe's test). b When individual variable had statistically significant on one-way ANOVA, partial Spearman's rank correlation coefficients adjusted for BMI between age and those variables were calculated. *P < 0.05; NS, not significant. Dietary intakes and plasma concentrations of fatty acids according to age K Kuriki et al of MUFAs, n-6 PUFAs, n-3 HUFAs, EPA and DHA were higher in the elderly than in the young group (P < 0.05 for all). Ratios of plasma n-6 PUFAs vs n-3 HUFAs and n-3 PUFAs were lower in the elderly than in the young group (P < 0.05 for both). Compositions (wt%) of plasma n-6 PUFAs and AA to total FA, however, had negative relations with age (r ¼ 7 0.310 and 7 0.300, P < 0.001 for both), whereas those for EPA, DHA and n-3 HUFAs had increasing trends with age.
In all age groups, EPA demonstrated positive correlations between dietary intakes (mg=day) and plasma concentrations (mg=dl; r ¼ 0.454, 0.609 and 0.710, in age group order, P < 0.05 for all). This was also the case for DHA only in the elderly group (r ¼ 0.469, P < 0.05) and for n-3 HUFAs in both the middle-aged and the elderly (r ¼ 0.545 and 0.581, in age group order, P < 0.01 for both; Table 4 ). Likewise, EPA in all age groups demonstrated positive correlations between dietary compositions (wt%) and plasma compositions (wt%; r ¼ 0.466, 0.640 and 0.769, in age group order, P < 0.05 for all). This was also the case for n-3 PUFAs, n-3 HUFAs and DHA in both the middle-aged and the elderly groups (r ¼ 0.638, 0.772 and 0.809 in the middle-aged, and 0.520, 0.828 and 0.704 in the elderly, respectively, P < 0.01 for all). All ratios of individual FAs vs n-3 HUFAs and n-6 PUFAs vs n-3 PUFAs demonstrated positive correlations between dietary intakes and plasma concentrations in both the middle-aged and the elderly groups (r ¼ 0.455 -0.828, P < 0.05 for all).
Discussion
In the present cross-sectional survey, amount (g=day) and energy percentage of fat intake were found to exhibit negative relations with age, while BMI, serum TC and TG increased with age. Dietary intakes (mg=day) of FAs except for AA, EPA, DHA and n-3 HUFAs were highest in the middleaged group, whereas dietary balances (composition (wt%) and ratio) of all selected FAs had no associations with age, as well as energy percentage of all except for MUFAs. On the other hand, plasma concentrations (mg=dl) of all selected FAs except for AA had positive relations with age, although One-way ANOVA; *P < 0.05; **P < 0.01; ***P < 0.001; NS, not significant. A Significantly different between the young and the elderly groups, over all P < 0.05 (Scheffe's test).
B
Significantly different between the young and the middle-aged groups, over all P < 0.05 (Scheffe's test). b When individual variable had statistically significant on one-way ANOVA, partial Spearman's rank correlation coefficients adjusted for BMI between age and those variables were calculated. *P < 0.05; **P < 0.01; ***P < 0.001. c Plasma FA compositions were expressed by weight percentages (wt%) of total FA concentration (mg=dl).
Dietary intakes and plasma concentrations of fatty acids according to age K Kuriki et al the opposite was the case for plasma compositions (wt%) of n-6 PUFAs and LA. Tremblay et al (1998) have reported fat intake to be decreased, and body weight and skin thickness to be increased with age, despite increasing physical activity, on the basis of results of a 12 y follow-up of middle-aged normal subjects. The results of National Nutrition Survey (Health Promotion and Nutrition Division, Health Service Bureau, Ministry of Health and Welfare, 1998) revealed that total fat intake is gradually lower in Japanese women over 50 y, whereas BMI, serum TC and TG are higher by 70 y. We here found EPA, DHA and n-3 HUFAs to have positive correlations between dietary intakes and plasma concentrations with some effects of age. This requires investigation in depth, since elderly people may have an increase in selective FA storage or decline of FA turnover (Bolton-Smith et al, 1997) , especially with regard to the potential role of DHA in protecting against deterioration of neurological function with increasing age. Söderberg et al (1991) , however, have reported FA compositions of phospholipids in normal human brain not to be influenced by age. Dietary intakes of EPA, DHA and n-3 HUFAs may be mainly derived from consumption of marine products, except for DHA from eggs (Tokudome et al, 1999) , and intakes of these FAs could be evaluated more easily than those of other FAs. In contrast, dietary LA is almost ubiquitous in foodstuffs, including cooking oil, making it very difficult to accurately assess the consumption level.
LA is desaturated and elongated to AA, which then is converted into eicosanoids (thromboxanes, leukotrienes and prostaglandins), which may cause inflammation, immunological diseases and promotion of cancer (Rose, 1997; Zock & Katan, 1998; Kankaanpaa et al, 1999) . Lands et al (1990) have suggested that the ratio of n-6 PUFAs vs n-3 PUFAs may be important for health. This might explain associations with mortality from CHD and FRCs, since these ratios for the Japanese, Mediterranean and Western European diets are 4, 6 -8 and 10, in that order . We should accumulate further information on the link between lifestyle-related diseases and the ratios of n-6 PUFAs vs n-3 PUFAs in terms of both dietary intake and plasma concentration.
Intake of ALA is much higher than that of n-3 HUFAs and ALA is metabolized to EPA and DHA (Gerster, 1998) , although each appears to have different effects on reducing Dietary intakes and plasma concentrations of fatty acids according to age K Kuriki et al the risk of CHD, and a decrease in n-6 PUFAs intake may not produce the same effects as an increase in n-3 HUFAs consumption (de Deckere et al, 1998) . Dietary intakes of EPA, DHA and n-3 HUFAs, ie fish consumption, would be expected to be preventive against CHD, FRCs, other lifestylerelated diseases and dementia (Daviglus et al, 1997; Kalmijn et al, 1997; Fernandez et al, 1999) . As for indices of bioavailability of n-3 HUFAs, we demonstrated ratios of individual FAs vs n-3 HUFAs in both the middle-aged and the elderly groups to show positive correlations between dietary intakes and plasma concentrations, generally lacking in the young. This inconsistency between high fat intake and low BMI suggests differences in basal metabolism, energy expenditure and FA metabolism by age. Such variation, as well as change in functions of taste buds and hormonal responses to eating (with regard to hormones such as cholecystokinin and leptin) may contribute to decline in food intake (Wurtman et al, 1988; Vaughan et al, 1991; Moller et al, 1998; MacIntosh et al, 1999; Morley & Thomas, 1999) . Moreover, metabolisms of FAs in vivo may be influenced by age, independent of diet, lifestyle (ie habitual drinking, exercise and smoking) and individual factors such as genetic background, including gene polymorphisms.
In conclusion, the present study points to discrepancies in dietary intakes and plasma concentrations of FAs according to age, resulting from variation in their inter-relationships, with the generation, as for amount=concentrations and compositions (wt%) of FAs in both diet and plasma. The consequences are clearly important for elucidation of links between dietary FA intakes and lifestyle-related diseases and=or health.
